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1 1 1 mmim^mwm<p i=s &x*i k . sute 

aaMU***** xst . * utiz kznm 

imu* 3 3 «*Jtc»-e>i i iffiafl^tmma^ 
Kit 6*ufcTift»K* /sjiai-oi 1 1 mmitm^m^m 

*»«>**TJfiat«±K:A«l*»*-r*XSk. BSW 
x» BSSItfx. ifctigsBtfxkB&ttfx^jg-g-tfxS: 

I^M&¥S#JI+l::£P«£fl&J£-r&XiSk . h5I&£ 
JKReoXSBCasxwi 1 1 ftfiM Mta^ttH Sr J^fiK-f & X 

'fT-^jyiaLTWie^miK^affi^g'fb-r&xBi:. * 

wzgmzmmfrhxmk. ms&mm±.izm-<7>n\ 
m&\m*&wm zmf&t sunt, z-tttztztm 

*»4.=Sr4T«a6K±fcA«»*JlM-r4XSi:. fflSIW 
xaJt»ig*£*Hk-&%ffx k . *3&tfx 

■rsttttciJE^SDKoaffiSrg-fk-rsxat, iirie 

wim¥mtm®cowim-?imi l zi5 or , sutra l t 

it* i t sr^at i-s 1 1 1 &mw®>*mte£M<om&ii 
a. 



[ If 7 3 If *m 2 J!>S 6 1 vf *u&»fclB*<0l 1 1 ^ 

x^yi^A. -f-vMJ^A, f-^y. i^n-^A. 

A, ^UTt-'V. fy^X^y^ 1/^A, /U-r— 
^A. :f*5^A. o^A, -f U^A, 

c mim 8 3 tfi^n 2 jbm e v k«<oi i i 

zkwmt-t&ummitm^mw&Mcommxm. 
mm^fcWfcn'mktsmz&^z , s&xomsig 

Mt^r&xssfT^ciiswak-r&iiifleaflsft 4 !^ 

[ if *ii in it 1 tm s ^ »-m*»(wf aaoi 1 1 
&m<t'»a¥mfo&wi<nmmxmz *j v >t . iz<omi 

BSI-wi I ii»flaNi i l i IWJiK:J6**iini««Wt=fr 
feTJ)!l«m5rfi«-ri.XB5r*tfi t Srlfgifc-f SHI 

t if im 123 if t& 1 1 1 v vtf*L**:Bajw> 1 1 

II^g^#ISf*:®Sr^-^i>xeii. X««fflCBBP 

TfOiEBHPSMS ilffr^x^Xtll IidlftMiNME 
SSrXf^^v-r^^$ii-SxaT-S>«. -I t Sr^ffit 

■r * 1 1 1 isafl3Hiw«^<^rea*ss . 

[aWSBl 33 iff^Hl^Ml 2^-nxJ)HZMm<OU 

ims.^.wm^msLeom&^T&i.zii^t: , mriesxcoi 
1 1 mm-itmtm&mnmx-tf 1 >" mjjLh-c* «> £ t S:W 
s t -r h 1 1 1 imim s mwmfc<F>mm-ti&. 
1 mxm 1 4 3 n&m 1 ^jm 1 3 v ^m^^tea^ 1 1 
mm^tm^m^mmcommumizii^x . miam-fc 

it^RZOIIIKaflSISiHWWi^ GaN, A 1 Ga 
N» I nGaN47t(i I nA 1 G a NT'fcS .1 i 

[ifliRJl 1 5 3 if^l 1 Jbm. 1 4 v fftifr (ci£!ScO 1 1 

1 1 mg.{tV9¥&fam<7)m?*tf l 0 n mtLh 5 ;u mHTT* 
*>6i k Srltak-tSIlI^^k^^SSoSSJt* 
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in** 1 6 ] is^jb 1^151 ->-r ix^KfesaeDi i 

■9-7 r W T&&-Ct>& Z b Z¥f®t-fh 1 1 IttHfl:** 

[ffs^jH 1 7 ] li^is 1 6 iztffivi umwim*m 
m&Rww&j&izte^x * frie-9- 7r^r^«co^ a B B 

ffMmtfi. ( 00 0 1 ) Bifctt ( 1 - 1 0 0 ) ®T'$> 

' * c 1 1 wat -r ft 1 1 i&M<bft¥«f*sm<oiKt:fr 
a. 

[ IS^Jf 1 8 ] if 1 Tm 1 7 v vfi-u^tcKtfcOI I 

\\imim^wmwzm$*Wftth&3m*. 70 
o-cw± 140 o-cwToajSTiTfo c t ztmt-tz 

[ m^tm 1 9 1 it ?m 1 jbs 1 8 v ^-r ixtnzimcoi 1 

1 itm-{m*m#mwz&ffi. zmfct ft tztbcommz 

iHT 0 ^ £ i -f ft 1 1 1 J£^fc^i>£fr«^M3t 

1 if 2 0 ] mtm 1 Ti%. 1 9 \ i-rthMzimm 1 
1 mmitwtm-timm&wk-xmz a^x^mt Tis 

tttf* -r 'J Tij^b LT BufefS" <0 1 1 1 

SiM-fMW^ttJi -tafl-w i t zmwL t -r ft 1 1 1 mm 

[iff*«2 1 ] if^JB2 0 i,zimcou\mm.im^m 
famwLvwmxmiz&^x , Hirie^^'jr^^fcftft 

*fji<7)-£:tSA 5 ft?S*2PT 5 %J3Lh 7 0 %JJITT'$> ft .1 

t t -rft 1 1 iimfcMimftmmcowmiim. 
t if $ * 2 2 ] ««±te»-<?5 1 1 1 Usaftiiu^iwM 
ktvkTWBR £ tzun-<?>\ 1 1 mmvtoftmft 

tfWfozntziummmtmfr&MX'h-ix . mem 
-<?)\u &mitm¥m#m t mim-ni 1 1 mmim*m 
fcmtnmiz. &8,m*te*&«miussit> l -ft&v. ate 

i msm 2 3 ] 2 2 ci^coi 1 1 wm.wa*M 

zim t-rft 1 1 lftSMMHiawfcsiK. 

[ uratE 2 4 3 £#±ksf5-<oi 1 1 mmimtm&m 

mfrt>%&Timm±.i,z. m-mummiwsxmtom 
tfB&ztitzu\mmfcto¥mfcmffiX't>'>x . mm 



1 mmm 2 5 3 m&±iz&%z t , xoo 

±c-&«r t tzusmmitm t tfvtmtix * ftT«aa 

IMRR5I2 6] nsRQI 2 5 tcflBSt«0l I UKH-ftWl** 

* im t -r ft 1 1 1 ^§ftt)^^a«R . 

C Sti&R 2 7 ] n$qi 2 2^261 vfftAHcf SK<?5 

1 1 1 mmivfa^mfcgmzti \ ^x . mumz. <r>\ \ i mmit 

[000 1] 

^*<7)|£ B H a ama^^<0^RS;^fttg§-tft t £0TJ>ft. 
[000 23 

-ktf'J^A (InGaN). S-ft^'J ^AT^S-W 
( G a A 1 N ) %b'<?>Ga.N3Mte;1fa*¥mmi. 
%y4*-Y (LED) s&U—f—y 4 X— V (LD) 
ffltmfcLT, P3KSr?e?/■rv^ft. GaNiWt 

ffi^^isim&ffBi^b^omm&ft 

ft. 

[00033 G a nmt^i^mmi. 
A<M L < N fi!-?THffl tW i ft G a N«0*«ii:*^f#^ 
<XTV^V%. igttffiKUffl-ffcSilTV^ftGaN^fflCO 

r -i rx't> n , f& B B t7 r rnm±i: 

AKS <MOVPEffi)^t'T'GaNS:X 

b'^^r ^ -v ft nm^-mzm^ ^nx v . 

[00043 "9*7 t T-fiK<±, GaNt fS^JgfSctfP 

C0X'it^^ B mZl&^ith Z b *>"T'# *V%. itfOfe 
ft, t7T'( TS^Jiti— S-ffiiaX-A 1 N^GaNW^ 

-HTV^S («rBBBB6 3-188 9 8 3#^ 
GaNcomSo%xf^df^A-;HK*{i^t-:>5: 

v^ft. ^OXPiSti, GaNJRLDfcWWfii-CHWFi: 
^rftdfc^ffi^ixft. Jifc. ia^T'ti. t7T-f7t 
Ga N^^^Hl=jeatT«^-t-ftMfi<0?&ffiS:[£ 
«-rft73}£i: L"C, ELO (Appl.Phys.Lett. 7 1 (1 
8)2638(1997))^, FIELO (Jpan.J.App 
l.Phys. 3 8, LI 84(1 99 9)) , ^y-f^Xf^-Sf 
i^— (MRS Internet J. Nitride Semicond.Res. 4S 1 ,G 
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3.38(1 999)) kv^ofc«ft»«ti«ftSiit:*5 
[0005] 

[«RB#J»«Li3i:-r&»H] ELO^FIELOfr 
Wnmfo X 0 s £P»«9WHfcV G a N JfliJfcH 

M£ L V^>\ -*MW9 G a Ntt B e H ^»ii^«tcBIL 
HVPEft H9>f K»fflJft*ffi) 2rk*co:fri£ 

coiasT««oR o ^m* t . s«#»j*lt l £ a - k 

tf£>9> SSffl-ft^iSI^"CV^4rV>. Jpn. J.Appl.Phys.Vo 
1.38(1 9 99)F>t.2,No. 3Afc:li. *r7T<iT^WJt 
lCHVPE&T'GaN£J?<J&ft2-tf\ ^Of&V- 1f- 
^ nVU^ £5K8t t T . GaNl «M* Wli 3 * h #8;##B 

Jfrffik 1X^12000-0 1 290 0^»t-W. 
GaAsiS±t:HVPEatGaN?:i?<^^ 
^GaAsiR!-X7f> ^TBfe*-r & *3tf s l*3* 

T\ AS^)G a NSi^fll) I 1)^ GaNg 

M^GaAsSfi^BULiV\ GaNtC 
A s #^i*tok LTSA LT L £ a k 3 SHItf & £ . 
xtf^*^^^«ftGaNeo*:PB«*iS«Wi. -t3ztsco 
F I ELO<7)J:53:. ^^--^Srfifcvx^Srffl^ 
SatR****^^ 1 ^ 1$SflO-3l 2971f 

[0006] 



[0007] *»HBtc iiiif . *«±tcH-c7)III«a 
Jf tftfclt l> titzTtimffi £ tz\i%—<r>\ 1 1 m 

-com wmim^mwrn £ m&i-hxn t . z&tsz 
t znwik -r & i " mmim^mi*^WL^wt^m . ** 

[0008] 4fc*«W-J:Wf * aB*±fcJ*-^HI 

co±sscmzioi 1 1 &afl3Bfl¥*fWl £ ^Sc-f & XH 
[000 9] £fz*&mz£fLl±\ mt±te&—wm 

mmm*mwm&®.v t> tutTmwm tz \tm-<™ i 

^-&xmk. a*^s 4fclia*^kK 
[0010] 43t*»^J:<xtf . *tt±(-*-^ni 

-t&xmt. itET»at«*:a*>!r^xi±a«**^ 

imm^m^Mi^m^izmM^mi&t^iMt. uia^ 
iiit^i^i 1 1 saw t»^*f*» & is 

^Orki^aki-Sini^^tt^f*^^ 
[ooii] itz*ftWlz±tite\ mt±izm-con\ 

m&m^i^mtm^^rzTimuttzitm-^u 
■fixak. asu^ifcJiasfr^^t^ft^k** 

^x4fc«4*Sft*Wk-&W^k **0»H*+T«IE 
Tffi^« * m L T Ml ?m-e> I n iSB^«l4M»fWi 
+(cffiHfiS:«?fi!t , t€> k k *>(=UiaAKfficO*®S:a^ 

*HMW*XBk. **tfwkfc«r«k-t&iii«6afl: 

[0012] ifcawwujtntf. »f±te»-oni 
Ra^^WfM^^tnfcTft^ifcttft-^ii 
ijssa-ft;!B!j^»#®*^^^Ttfis«±^, rnxoniffi 
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mm*mw-mtim$LZixtz 1 1 mmvmmw-mwx- 

[00133 *%tmz£ta$ s mt±izm—oumw 

mim¥mtemfrt>%z>Ttmm±.iz. m-wumm 
<m*mftmtfBf&2ixw ummim^mtommxh 
o-c, m~n\ummm*mw.®*\,z. m.mm^m 
mmx-2 o%&.±9 oxvxrnms. tfmn>in.tzz. k s- 

#$ki-£>nij&gfl;!|W^tt««u ft £> . 

[0014] £tt%.mz £Mi , S#±fc£l&ir-trtf 
¥«ttJBfc . ^iC&JgMitti&Smffilk 

[0015: *%,wcr>m&ifmzti^x % BMrnzmt 
^Bes^^fig^^ffl^-^ r k tx-t h . 

[0016] £P££*-f £ii<D±g|H;:IlIi£ 

[0017] m-iz. xmmmtm< . fcytftsoa*? 

mim*m»m t n^Timm^wmmiMizim? 
[0018] ssrt:. fthn&tmto&M&K *)iwm 

1 1 1 tt&ftM^NMM t <nm-fe®M*^wmm.mz 

[0019] S?=fc s gMcom3k£®mz?ro ZbtfX 

[0020] m&Zim/B<7>±fc.G a NJf £«M,-f 6 
ftffikLT, ^i2000-277435fMC. T 



[0021] ummm i tm#mwzmMZ&!8.-f& 
&mm« tttmtK wrss»— «oi i isia^b 

Bojs H B B ^3t*^i? l , wm: b'commtmm^t l . 
fMUPttii < »j&-t 6 £ t tfx'* h . g*5aaco^fr 

[0022] 

[0023]^^^ i£(0±Wm±. m-iOIl I^Sft 

mzmit^tztbc^xn^f^Kxiji. 
m ~ <?> i n j£S-ft:»¥^tisx f ^ df 

<r>Bfctmmz^9v<nwitz'ftozti>-*smx'$>h. 
rmm t m-<™ 1 1 ties wmiflcH t <7>m-&km* 

mfrt&tmmz. 5L*)<7>'j>-%^ummiVto*mtm 
m%imr&b^o3m*m->x\,^>. zlx. 
%b'<?>&mmi, Tmx'fo&m-wummitm^mfo 

^Bfe*S-tirS^£DVN*-y7r«k LT^fiJtfioTU 

[0024] A«M&*BW*#ffi»i. JlWJfe^^^y 
«iCVDi£«rir**flfflT*4. ^«IRX«S-ft 
*<0*fflWS-C\ A'olS^Htffi 
*a-5-CV^4£k*«a*U^. Kit^^k'^oT 

miXffL&-thzbi} t *imx'*>&. fcm-huimmt 
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(i N 7 0 0 'CULL 14 0 0 JaTOi&gT-fT 3 Z b *<M 

4 Ll\ £*U±7 0 0°C*>HT-(ig-fbRJE#+*^jttff 

ttz. 1 4 o owxkT'ii&m&m-ittrvvjxmw 

Ji:GaNfcc9RJC<0*(Cj:oTkjitT^Sfr\ .lil^ 

Lfc&RG a #38 -> tL *) -T h filbX'h h . 
[0025] *56Bjttj»t * 1 1 I&S-ffc^SSttWJfcg 
MOCVDS (qfrtS&JKSttil&IISj) £(ittf>fc 
LT, MBES(MHm^-a) . HVPES 

»&fctf*5JB«Il I«aaHKWMHIf***ii:», H VP E 

<. mmzn$>cr>tf®g,x'ih2>tz!hx'&hti i . mocv 

D fc'co»i]<7)^Stc <k t fe . 4 fc . II H£SflS»¥ 

ffiffl$ix-&-7^^co«®{i. -e<o±teiii»fflMfcaj2im» 
**>8AjW**l«c< wwjtT**iarj: < . s i o 2 ^ 

5 i N x ^rfc'^fflv%i.ii:**T§&„ 

[00263 #?6^C#ttSf&-OI II&gft!fo^flc 

X&&-f&ZbtfX'Z&. 3FJStt^ttN 2 , He, N 
e. Ar, Kr, Xe. R n <D^3:< b t> 1 iffi8£#tf 
■It 

[ o o 2 7 ] y Lxm!m%t'coT-&<&#* 

Zm^&b. »-OllIl^HiMNWM+fc#rtS*i 

i t ar* -2>*" f , m-coi 1 1 mmim 
^mftcote&mtmt l s was**** < * o , ? 5 -y 

^a^l^-f < 3rS<0T\ *&fce:fclSAa { »<->*U= 

[00283017^, m-ou \mmim*&toBf& 

Wj&fttS: *XlD7^f>'/*-7' (XRD) tfD^ffl 



*yT#**K*5&* J -£4fl&^*& (*£fg-&ao% 
Oi:£) «. *3»»*4*l6«^fc:Jt^T. XRD^ffi 

< . ft wg^s vvr t .oil 

< . ttfttfisW^tSW*/)*** < *-r VT/fZ. 
+<7)*5gSiJ^SriejDLT^< t . XRD¥B«**/Jv£ < 

fg?ft^s# 5 mjtris Attala s a . a*-? ft^s 

k**<*r>TJWiWfckA#«:g£GaN*«#»S, 
[0029] J3Lh*»6 s ^f-v'J T^X^W^^I^S:* 5 

¥&t. %-<r>\ 1 1 mmm^mwm^ ^ /i^a 

*»(tr 7 0 XOT . iOSiKiiSO %UlTT'ft 

[0030] zti* m-<?)nimmimmi:Bi8.-fh*8> 
[0031] *9ffliz&^x . mmtm*<vi>mm\^ 

ZZbtfTZZ. tzbz-l£, ?7tJT. isOziy. S 
iC, K Al , GaAs^<7)Sa«f4»^ 

GaN, A1N. A 1 GaN*£OIIIJ^-fL!|%¥jg 

ttAAAlBti* fckitf (0001) ffli^Ji 
(l-lOOIttl.itmi.. (0001)® 

fc**Ui*«-ftT, A*ft5R«rfe [0 0 0 1). ±^A^ 
4rfe(li Dfft*r|6J^E(6l-ri»J:olwL. ftR«9lc||i 
ffi<9GaNxt?:*£^;W££JH£Cffi#tSAi-f S.I 

*iC(i*^l- Mft<?)*yftb-t ZZbtflfrt L\>\ 1 
' &mz.&b. ±m&<OWifi\itf*:k1X. illCGa 
N<?D*(SAt*ftS*4 i btfX'Z %< =Sr 
4.t7r>fr(l - 1 00) H£fiJJH-f6*£i»|iO« 

[0032] *S6flBfc*J»tftT*aMW±, (i)±J* Lfc 

fc is-^oi 1 1 iss-f wmvmf h tit: & 

[0 03 3] (i)<7)S*i?iJk LTt±. ^^r-fT^cOS 
«*H3H£«±fc. Sis, GaN«iBJft*^-y7r«^ 
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m^wmwzmm&mjSL*fth z. t mi* l < % o 

A 1 GaN, InGaNi/^InAlGaNW: 
i:**»4LV\ ZnXittW&XRt&ZiktzX'). 

<l±2 0 nmEUL. 1 jumtnFfc-f ^ J: 5^*1 

tf3g»t=rr&fli3ftt«i«ie. wm&<i&m-hz.k 

[0036] AWWi* KTOflfettt* 

[0037] <i)Tfl^«^Kfitt*ft3SU £MM*> 

u T«i^«±T7vS- B a B ^r*n{f ( oooi jnwm. 

4U*. 

[0 0 3 8] (ii)^M*«»v^i^oa-(fc«!Pj»OlljS. 
[00 3 9] (iii)AB«*6v>tt-t<oaftft«Lh^flE 

ft-r 6 » - *)i 1 1 «^»^ii*Jl^*ftMte*5«t& 
%^ZLk. 

[0040] (iv) &mm&&^te*<nmfcmm±i>zi& 
&-th m-coi 1 1 mmim¥mikm<r>f&&&miz&^ 
x. mitm*mte*s>*<?>mitfA. ***HJwr* tr 

GWtiLhA^Zk. 

[004 1] 2 biz. mtz~tZk&m*L\^ttk L 

[0042] wTMnm-nnimmim^mfomtott 
[oo4 3] (v\)&mmfo&\*±*comimmkfti&-t 



[0044] (vii)&JRlHifc«i*^ffl'(WSlKt. 
[0045] ZLixb<n^*mz^&mm.k~fhZ.k\ l z 

A, 7 h^A, A7-^A, 
[0046] £JHR«rJgjS;U tK***^*^:^***^ 

[0047] &mmcomzi±. ^Km^miaT, 

0. 5nmtLtfct**. 

[0048] I Iftafla**»* 

[0049] SDa»H«*i. 7jc*^43tti****-fb 
[0050] WmfflR&k LXi±, A&Z&tsm&tfA 
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ZmgMfifti L < % tz k L\t*mtT V^-Trtm&ti 
X. Bra<02M»«:3cfiWfc:«aTS6. fc«U T> 

z&L&^&m. f&m*&tfft&tz>^-ti i hz>* *^k 
-7 <7>i%&Mmmmm 9 5 %vlt t t- & <r t #a z t 

[00 5 1 3 m^J&rtfzfrnf&KmZ. L< 127 
0 0'CtLt. j:Off^L<^8 0 0rW_bi:-r^. 
tffflrt" ** & k • S»eO*«« W«T^ & - k £ . 

GaN»«3RcO*&. 1 4 0 O^CeiTfct^-i: 
«kliB«fc«5*a\ aft^fcft^JJWBati. 500'C 

&k*«K^aftRE*gE»^a«T*^. ononis 
[00533 m-<nummim*mftm<nmmte, 

£ -r r & k . i 
[0054] *¥tmz#^x s m~<7)i i iisa-ftft*w 

f*« li8* cO^ttil t-t&ZttfXrZ&tf. GaNL 
AlGaN. InGaNi^ilnAlGaNht^I 

ttfwu\ zix^mMz*¥mzmmi>tzi%<£. 
[0055] »z:<onift»b*4^»fMi^»&tt. i 
A^KW&tet o . mxcoi i \mmim*m 

1 1 1 ttSflllft^frfli^ffS »i 1 ^ m£Lb k "t I) - k 

[0056] (ouim^'itm^m 
j!s^*?TofcKB*fe^*K9a-rik*<. -tie 



*SrWRIt < fx 3 - k & • 
[0057] #J6H/ft:i3Vvt. &«K±fc:3ir<7>IIItt 

XSk-r&^k^-C**. £<Oi:3k:L*:*§-£\ 
BBPMSAft&SfcL/t,. flffiH-BBPSk *^t7X? 

^fi£Stf*3F£H«^*?j£*2*&F I ELOfc J:tf 

ti h ^mtfitmr & z k » & . 

[0 0 58] *»JK*5V>T. »X<7MIIte&fta*l¥W 
*JB&»K-r*XScoa. TflHISSrlSfeS^SXSSrff 

a<t s^#ajH *x v * y lx t%s&£ m%i 

[0059] 
[0060] HJfiM 1 

cos«$'»5a-r&3t^>coxsKffi0&ia2(c*-f # as 

2-fyf^$fe H H f7T^7CI ( (OOODH)i 
«l±fc. MOCVDSt, TMG k NH 3 SrKfik L 
ryh'-^GaN12fe4 00nm)R*LfclI 
£ffll:L*: (02 (a) ) # iCOGaNXW^ 
f^^!3^20nmlfL (H2 

(b) ) I iixtMOCVDJPrttzAilT. H 2 !:20 
%^L^Ar^miS*"C\ 1 0 5 0*CX2 0m i nO 
f&9m*1&Ltz (02 (c) ) . H^PrtT. 
^^yH3±HTMG kTV^-TSriS^k LT. 10 

5 0°CTGaNil4^2/ J tm^t^ (02 (d) > . 

a±i,z± o.eii izttmmmmn^m&mmtfft^ti 

tz. 

[006 1] £XtcO£olzLXnt>tltzGaNX.V?* 

S E Mffi^C iOs t7r>( TS«±^flE»«^ ^ ^ 7 
rl^LTKlUW^GaNxe^^ri/^/HS 
kttJSLT, H^*Wa±^*f*Sffi«JRk s S:o-C 

VxW&Z'tt^tzbZb . GaN(0 0 0 2)®0tff^FW 
HMIi, MWmPWZZZMMLX i>ffi2 0 0 s e c . 
k. JlWTie-^ISfttt^LTV^itMIBT* 

^. ttz. xnmtmfexit* m&*>n i dbb^ 
®mv-7i>wmztix&*). mmLtzT?ym3tfG 
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[0062] *mmmzi%hixtzmwinm^£i%Tmj] 
zmnLtztzb. 4xio 7 i/cin2 1. nmz'j?* 

TU4Clk#*>*>4, 

[0064] £<0»R«:»!ID. t<OKBtSEMf«K 

T V ^ 4 £ k *>T8IST* S E M £ i & BrffitHKSSSIrt* 
t Lfc G a N /1 2 * 5 O %T*£> o . 

ifcL £<0ffil*£^4GaNJi2 , <^fr££J;4k<0 

k#*.£>ft4. 

[0 0 6 5] ^jSffei^J2 

WliaT»tt8 ftT V ^4 Z k t:Vm-t 4 . ^tt 

01 1 1 mmco^mx^ >m 3 imrnvtimL^mm 

£JfcU *cOJi(wGaN«4*BE*"r4Ufc]R»)lBL 

f*KSEMt«U. S£®fffi<7) S E Mi 
*IS*Sria7^-r. -f^SS*. t7T^Tl^)GaN 

^ & $ ixT v > 4 £ k * fc 0 
[0 0 6 6] Sa»M3 

*IB»WcOXSBf®0S:H2 K^t. Vf^f 
»fi"^7T>f TCffi»«l±tC. MOCVDSt, TM 
GkNH 3 SJKSkLT. TVK-r<7)GaNJi2S:2 
OOnmML^SS&fflSU(02 (a) )« «Ic7) 
GaNXt^^y^Hfiit:, f^y!3S:25nm 
3I*L (H2 <b) K ift*MOCVD*Frt^A<X 

H 2 S20%a^U:ArOSiS+t, 1 050°C 
x 1 0m i nn&MmZMLtztk (02 ( c ) ) . #H 
SWrJ*£N 2 ^^.T. 050°CX30m i nCO 

JK3±iCTMGkTyq&xr£m^kLT, 1 0 5 0°C 
TGaNI4Sr2jumftgUc (02 ( d ) ) . 
[0067] IU±C0id^LT'#^fL^GaNXb"^df 

s E MWRfc: J: 0 . r A 7SI±t:ffiMI^' v 7 



v^4<I k SrHELte. ^SUSWTWfeiifca^xaill 
*T»ffifc?T-*fcfc£** GaN(OOO2)ffi0t/f<OFW 
HMI1 S^ffirt^k'.! £i$£LT fc3»l 8 0 s e c . 

tz. ±tz. xt&®vmfevi±. mit^fxi nmco 

itztix^hztfimmx-ztz* z<vmm£o&v)co$im 

tfTtx^hzttfmzvztz. 
[0068] ^mmmx'&bixtzmw&m o . zomm 
t:SEMx*wmLtztzz>. mmmico^tmmz. 
mitz^-rxoKp. yyTjrmwuziz&mztt&G 
aNi2'^o, ^(D±comit^tifz^ym3^it 

UT¥iB 3 SrGaNa4***6»S*L , rv»4«3S^oT^ 

z>zttmmx*ztz. 

[00 69] ZCD&LfkB:*! 0 01ft Oil Wfofck Z% 

mj%wmm%t>i\tz, 

[0070] SDHSPJ4 

#mm<nTmsmm * m 2 t^-r . ies 2 >r y f-^m 

gfit7T^ TCBHSffilitZ. MOCVD^t, TM 
Gk N H 3 SfifikU, 7^K-r^)GaN12t5 
0 0nmfijcIU:I«mtU: (02 (a) ) . Cltf) 

mxt (02 (b) ) . ^n^MocvD^rt^A^t 

H 2 8 0%+NH 3 2 0%c0ffi^-ftSE+T\ 105 
0tX30m a n<0&J?KI£i*Lfc ((H2 < c ) ) . 51 
WHFWT. f^>R3lCTMGk7Vt-7 
SrJHflkLT. 1 050X:tGaNl4SlAimfltfiL 
fc (02 (d) ) . 

[007 1] £Xt<V£oizLXmhtltzG<iN*V?* 

rB^^LT^L^BS^GaNxt 0 ^^^^;^^ 
kJtlSLT. ig^^Wai^SSf^ffifltySkiroT 
v^&ikSrflERLte. i^aK^XttEHfHBI^tff^fe 
GaN(0 0 0 2)I[H}ff^FWHMll SffiM 
fttOt'ZZmfeLXijffil 80s ec. k„ 
^rttiMt** LT v ^4 <! k aWIBT* * 
[0072] 2|^ttWT1»fe*X^a«^ffiS:K^H* 

ZMfeLtltZb. 4X107 ffl/cm2 ^ s 

<. jg a B Ett^SV^GaN#|g^^^#^fLTV^4-k 

[007 3] Z<nmWLcOKV&&m*'&iMfeLtztZ 
[0 0 74] «IOS«?:SyO. -?-C0BrffiSrSEMriRSI 

L/ok^^, mmmitmmitz. mitt-tx?*. *r 

•?T* TmU 1 ±fcffiK* 4GaNi2'tfft9, 
Z<7)±cr>mik2tltzr ?>Wk3 Zlfr Lxmn&G a NS 
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[0075] mmi5 

EffWuAfU GaNl4lC, S^:GaN1^30 
0//mif1f L*. jMWCJ^fcKfili* NH 3 hGaC 
1 k Ltz* «JSftW±. »E. ffiKiUC 1 0 5 O'Ck 
U Jfi«a«<±8 0juin/hi:Lfc. 

izmtLtztZZ. *?>m3 (H*fcSiVCV*£t><7)«: 
*tf) *W«i«fcx.yf^S*u GaN14^J:l/f 

[0 0 77] »fe<lfcGaN#ISAa«EOR0*. SbE 
1X107 {I/cra* fc#*fc*Wr< . ^SttCOiS 

v^G a NWSJUE«U<f»4itLTV i*c k £«BLfc. 

[0078] mmme 

m^yr^rcmmui±iz. mocvdst, tm 

N H 3 SrJHWtLT. T>-K-7V>GaNJB2£3 
OOnm)tIU:II^ll^ (03 (a) ) . 
GaNXb^^fy^HSit:, f^yl3j20nm 
(03 (b) ) . £ii£HVPEjPrt£AiVC. 
H 2 80%+NH 3 2 0%<D&&9ti$L*X\ 1 05 0t 
X4 5mi iKTDjRSQSSrJfiLfe (03 (c) ) . 

RJFl*3T\ f^y!3±CNH 3 hGaCl £JE*4 
fcU SiH 3 Cl 2 JH-AVM:U, 1 05 0'C 
TS i K-rGaNl4^3 3 0 jtxinjSJIL*: (13 
(d) ) . 

[0079] J$M<0»*>-otz&l&tZ6 0 0m20 0 
m2 0 , C/mi nCOSSJKT^ffl^&k^aSHaS** 
t»9EUin£*:fc£%* t7r^ T 4: G a N k <ajfc»« 

«R»cjBHi/c. 2P^t«GaNi2'«^ 

*U 1SS3 3 0/zm<0GaNJB4* $ . t7r^7«l 
frfcSMtLfc (H3 (e) ) . 

[0080] «*UfcGaNJB4<OKHtt. Gflfir**»L 
GaN<Oi:fcX«£»S£fc#T'Sfc (03 

(f ) ) . 

[oo8i] ±izkmmcoxmx'&Mmtx'zmz-tz& 

«Sr 4> JR 0 Hi *?)»r®£ SEMTWlfct 
,1^ GaNJB2 , tOSW*(4s 6 0~7 0%fc£-?T 

mcf*>( \ l l)^EBfrtr-?#ttfcSfu GaNl 



[0082] !3SM7*S6teW^XSBfffi0*04(=^ 

-r. a^2>r>'-^o#ss H B H ^7T^rcffi^i±(c. 

MOCVD^t, TMGk NH 3 SKJRfcLT. T> H 
-TOG aN12^300n mj£J| Lfc»K*JI« Ltz 
(04 (a) ) . JlcOGaNXh^^y^^SSit:, 
f-?>-]S3£2 5nmlft (H4 (b) ) . ZixZn 

mfFfttzAtix. h 2 k n h 3 zmwzm&Ltznm^ 

#X^mSS+T\ 1 0 50tX2 0min(7)SMI^ 
Lfc». #H^X$rN 2 ictJUT. 55t-l 0 5 0*Cx 
3 0m i n^JHDaaSrtSU^ (04 ( c ) ) ♦ 
[0083]^ FIELOft^ffl^TGaNl4£0 
lft*«:fr-*fc. iSi^CVDKJ; 0 S i O 

2 J1£0. 5jum*fe«U 7* MJ V^7 7 
0. S i0 2 B:<1 l-20>tTO:xb7^7 e t 
<5DSgSrB8W\ M<tf^>JI3£fltt£-t*\ ^?5£® 
jRLfc (04 ( d) ) . S^(Sli:3jLinK ?x;5^I 
li7jumT*4. :olSJ:MOCVDrflt:An, T 

MGk n h 3 zmmt lx. mm&mzio 5o°c-cg 

aN14^4jum^U: (04 ( e ) ) . GaNli. 

U vx?<3»ffi#S*&fcvx?XTi4 

OGaN«4i4rofc. #A>tL^GaN#^ Q e B Xb"^^r 

^*^^-5TtT^h<?5?ffKSra^L^ki^>. 2xl 
0? li/cm2 k#mz'J?%< . ^B B Btt^V^GaN*J£ 

a x tr * ^ ^ -v )v sm h ti x ^ h z k z mi u ft . 
[0 084 ] mmms 

*IS««cOXSBrBiiaS:ia5(w^-. 4TH*fcWI4klS| 
«l::LT0 5 (a) £-COXS£*tV^ GaNXfc'^ 

^;i«ESr»^, ac^r-tox^. Wkcwmzx*) 

gtriOs S i 0 2 IC<1 1 - 2 0>WtfWh7 
^m^^Pl GaN^4^Sl±5$-ti:. -7X^5?: 
fMU: (05 (b) ) . SOi|@te3jLtrru 7^^50 
(B(i:7jumT*>*. I^SiHVPEjpfltAil, G 
a C 1 k N H 3 SrlKHkUr. GaN«6£300^m 
H»Lfc (05 (c ) ) # ^Si^Jg 
1 0 50°CT\ ««ajKii8 0/zm/hT**4. GaN 
tt. liW»GaNJ:i:7r-b7 hSr^Li:^^ 
SBRWfc«*U vx^5^»SP^ffi*-&kv^^5X 

^GaNl6^^^: (05 ( c ) ) . 

[0085] i%t>tifzmm£. nfokmtkvm<om& 
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5(d)). 

[ 0 0 8 6 ] 1% htltzG a N#tefi£«<9*ffiSrJgffla 
Kfe»JgLfc4:w*. 6xl oe«/c«2 t^flft^ 
MHBLfc. £fc> C:O»«^R0^ft**gJ4fi5m 

[0 0 87] ItlfiMl 

mgg*L (86(a)), * OifcK^tB&i^^fcA 
M9£$IJfri 0-2 0nmT«fLfc. 

[0 0 88] ^^^trMBEjP(jHHIISJIittMF) 
1*11= A*U 7 0 0"C"CS«Ji^GaNJB4 (JK*2ju 
m) *jft*Lfc (H6 (b) ) . 

[0 0 89] MBEJjP^feJROaBLfca^Sr^yfl:** 

[0 0 9 0] f|^n/-:GaNxt7^yt;H(i, ^<?) 
[0 09 1 3 ^«^^±^L^Sfe^J^SSmtcOltlS 

tnz^-otz. a±.vm>viLtznmmi-~s{ f z&^ 
&mwz. 

[0092] XtfeM9 

J6&*7T''rTCffiS«l±fc:. MOVPESt, TM 
GtNH 3 SrJK»£: Its 7>H-7^GaNl2?:5 
OOnmKSUIlJfflIU (HI 2(a)) . & 
fc. :^GaNXW*y + ;t«RJi(C % ^ V« 3 * 
20nmIfU(il2(b)) 4 i S:|K*LfeS 

«cOX«[l]»fa!lS*S««:08^5rr. GaNx^^y 

^#«aKS*ifc. - ^>ffis £ f*l fc AixT . TV± 

~T*2 5%iI^LfcH 2 »»+T* 1 0 70 C CX3 0 
mi n^JRJBlSrltLfc. »I^iL/:IIcOX4l0 
itfSJSfcfrofcfci^ 129t^-tcfc9^. TiNcOlE] 

[0 0 9 3] ifc. *<0*ffiai/Bfffi«rSEMTK»EL 

fctc:^ *n-efLHi o*5ii/iai i fcH*wfliafc: 

froTV*fc. gp*>, f"^^Bl30»ffifc:i±. 



N®2(Ciiai$'-5 0 0nm^2Pf>'T^-C. ^ofcH 

& Xotcwmmik-ch him 12M). iisem?s 

*^J.«fcofcSI«0#7L*«i*?J6 5ZT*ofc. Ztl 
SrHVPEjF^AfLs GaNJf4£3 0 0jum*£«Lfc 
(HI 2 (d». «*(Cffl^fc«»iiNH 3 fcGaC IT 
^,«f^+^GaClM, NH 3 ^EE 
-Hl^ft. 8X10-3 atm, 8X10" 2 atmT* 

*. *JKi«BETtf^, «*S«W;1 04 0°Ci:l^ 
**r i JT#AtL-a±N 2 im^tz. N 2 £*-rUT;# 
LTfflV^^i«*ra]BEftSrffiaLTT«10GaN 
J12<affl»3Fffitf>&**xT L£ 9<50Srl56<%y>T$>S. 

ktHaiM^tiii. itLt»i*J^. Jit*)*:* 
-rVTffXt LTN 2 . Ar, H e 2: )£ cO^ffitffX £ 
fflv\ «ffiSra'3gJKOffSi:LTWi.tfGaNBSr2 

9ISaSGaNJlSr«5LTffl»GaN«4Sr#& 
itfcTtS. H 2 **'J7#*TmfilCfc«t&flfc» 
#^GaCl»E, NH 3 ^JESr-eix-eiXs lxi 
0~ 2 atm, 2.5X10" 1 atmi: t"C 1 — ^)Vb L"C 
30 0 jum*0*;MCJ5!t*LfcGaNJ14 3tfflU:. -f< 
TN 2 ^^Ur^^T^^fro^iS^CcJtKLTS 
Wi&RcofliSO^aR: ^ * viSnimftfLhixtz. G a 

n a 4 ««fi»Ta<5o»iaasc & v sbui sr*«ci?- 

«**»fcttfc (812(e)), 
[0094] #W:Ga N S£Xtt4?)ftHMU 
TfflT, a«««Kt5j:tXSEMRK*cJ:i9. t7r^ 

GaNii^Jt^UT. H*3^*ixtUi^ftff*«H«» 
fc£oT^*£fc*WBLfc. i^*«cOX«[iIlff»i^ 
£fTofc£,I^ GaN(0002)I, &&Tf(l 0-1 
0)l«OFWHM(t ^®l*)^h'<r£3nj;£LT 
t-f-^X-en, m 2 0arcsec. 1 5 0sec.i:. jSjffT 
*&-^fttt£*UTi**£fc*TOBT*fc, » 

t v ^ i t mmv # fc * «*£>*3re^ 7r^ 

±(^G a N S: 3 0 0 u mj&&t* t . ^COKM 0^ 
ffl^attWSOcmt^S^OT. *ffifc«tO»fe<l*G 
aNlIli, ^cORO^iBfcffiaTSTV^itSi 
£tz. t#^iX^GaNgAm^ B a B ^4^lE{a«S 
OttiR^% ( 2 5 0 C C) t:6CHSr«Lfce 
$mt>tl?zJLvTVv hVWmifztf. 1 x 1 0 7 cm 
-2 k#»t^v^ii:3&fiHIHLfc, tfz. MTfflJim 

mmv&m?>Kvh<?>mmt:MfeLtzbz*>^ znmh 

8X106 fl/cni 2 fc . ^«K^«r< . *£iflttc7)^G 
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[0095] 9mm 1 0 

fc0fgf a t7r>(7CIitlB:, MOVPES 
T\ TMGt NH 3 ZmitLT. GaN|2?:lMm 
tel^lf^fflSl^: (1112(a),, ^7)GaNll 
±tC, £JgP ti3^20nmIfL(Hl 2(b)). £ 
n^m^PtcAnT. :*5v+T\ 8 5 0*0, 2 0^0^0 

Xft'K&WjSLZtU'z (012(c)). 

[0 0 9 6] £<Oi&||£HVPE*RcAft> GaN14 
S3OO/£mHI«L^(01 2(d)). ««teJHVVfc«H 
(iNH 3 tGaC ft^^ Ga c 

1#JE. NH 3 M(1 -Ht-FtU 8X10-3 atm. 
8X10- 2 atmT**. BK^iftETfiV^ J&Eiaft 
tel 0 4 0ti:U, ^'JmatliAr^ 
fc. ArWfifcN 2 „ He^hWStt^^ffl^l,; 
kfcTS*. IOfc«9fc|3|»^itrtk:N 2 . A 

GaNSSrSOjumggj&gU <R(CH 2 £-£tf**U 

-6. *SBIS«rtt2 5 0jumJ?tf>GaNJl4S:J&f*L 
fc. GaNJB4»ifi6**Tf*C0RfflaS^*3V^Tffil«« 
*itt^7r>fTCffi*Rl*^a^iOKLs GaN 
<50a±*R#»fe^3t (012(e)). 
[0 0 97] f»fefifcGaNSiaEKO*Wtt. 

GaNBkJtttLT. H*^*iiW±<oftff^ai«B 
k*oTO£«IkS:iISL*:« £<DS«<^X*III]W$J|5£ 
Srfrofck.I^ GaN(0002)ffi, *>J:lX(10-l 
0)ffiC0@f/f<^FWHM{i. *Kffirt<0^iSraa^LT 
t-ttL-ftU #71 0 Oarcsec. 1 3 Osec.t. SJffT 

^^GaN#^ B ra H S«c7)^0$r. W&LtlkZ*>. X 
90fl*¥fi«±tt 5 m k . #»feT«Sr»(R36i«Tr 
STV^^kjWSB-CS^. «aw*aW7T-(7l 
«JitGaNS:3 0 0jLtmfi£Si"Sfc. 
<9ffl¥¥g»4tt5 0crak&&<a't\ *£fc:J: , 9f#4>*X<& 

ft*WL SEttS^K ( 2 5 O'C) fcKH*«Ufc« 
*»fe*lfcXyf-t:-y htl^L^, 5 X 1 0 6 cm 

-2 k#»^5rv^fc**ipJHBLfc* ffi^H^a 

•5X106 (l/cm2 t , itmZ'J?* < . ISJHSOffiHG 
a N 4U£ ASStf^ k*xt V ^ i k £BB L/C . 



[0098] mm\ 1 1 

[0099] Wkl-i y y+<F>m&&&? T 4 T CffiS$ 
lJbfc, MOVPE&T\ TMGtNH 3 SrJSCSk L 
T v GaNl2J300n mfiEI L^iSS:fflSL3t 
(013(a)) . 

[0100] Z(T>mk^Z, VD&lC J: 0 S i o 2 

0. SiO 2 Rt<ll-20>kWUb^7« 
OfSSrBBtt. GaNJ12*Biii3-tf\ "7Xj?5^ML 
fc (HI 3(b)) . fS^lg{i3jum. S i0 2 v*7 5 
c0igii:7jumTJ>l»o 

[0101] ;^GaNxb7^^;HS±t:, 

yi3j25nmHl(il3(c)), dix^HVPE 
jPrtfeAiiT. N 2 k N H 3 £WMzm&Ltz%m&tf 

x<nsm#x\ i o 5 oxrc2 o^mmm^WLtz 
\k. S^^fl^^Hs ®: l 0 5 0*c 

liK»«offi«#3S£ Kil 3(d)), ^^y^3\m 

RMFrtT\ Ga 

NJi4*3 0 0/xm*BLfc. **tClV^I»liNH 
3 kGaC IT. *t'J7^k UHeSfflV^. 
MX^GaC l#JE. NH 3 #EEfct 8 
X 1 0*3 atm, 8X10-2 a tnTC*>&, j£Stt«£ET 
fflr\ **SWttl 0 5 01Ci:Lfc. GaNH I±ti6 
B«te«lttfcjS*U vx^co^gp^ai^kvx^ 

I^GaN14i:^^(il 3(e)). ^t'J7# 
.XkLTU;. HecOffefc. N 2 ^>Ari^WM^ 
fcJBv^iktfTS*. :^C^t^t, fttO. H 
e. N 2 . Ar&kV)^1£#x&**i;T#*kLT 
jKAfclr^ a^ffiififcft-CS^ffiSra^^f*. H 2 $r 

^HPSJSfl. SHt7tDy**KfStL*. GaNl 
4H«fi»7a^Bffl3fietcfcv^T^ K«Sr«C"9"7 
r-f TS«*^a«S^*JlBUfc(l21 3(f)). MliUfc 

g a NS4 ^mm^a^^-t^tzMzmm^mL 

X. ^?>m3 (S-fkSilTt^ tc0S:*tf) , SiO 
2 "7^^S:*tfGaNJ140— »Srl»*Lteki*. « 
ffi. Sffikt>frw^ffl=5:. GaNcoaStS^SrWi^kJ^ 
T*fc(Hl3W). 

[0 1 023 »6fl3tGaNia:««<0«ffi(i, 

Tm&i±l t zffi§j$ l & N'7 7ri^^L«I L/trHflW 
GaNilkirt^LT. H»3&*t<ifiLL<0ftff**ffl«!B 
k'Sr^TV^ckSfllBLfc. i<^*S^xaig»fSBS 
&fir^t^^)> G a N (0 0 0 2)®> i5j:l/(l 0-1 
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hZtl^tl. ifr6 0arcsec. N 8 0sec.h, &blX'&)— 

l:GaN^300jumliEStl.^ *<0*K<5DR9<Ofl| 
*^U:ft5 0cmfc2r&<9T\ Ott^fL^Ga 

tttt. StKS^SS < 2 5 0°C) teK«*«L/i*S*i#£ 
*IfcX?f-eyh"C«*Lfc**. 2X1 0 6 cm-2 

MStWWMvC ^4 - k SrHBLfc. 
[0103] HfifeOT 1 2 

fc(Hi4<a). (b». zcommzmmsftizxtix . r 

>*-T£2 5%m&LtzH 2 mjitpX\ iioo-ct 

3 o ftmnmm imtti. zcommmmm ^sem. 

N JWSa%*R7 fctiS* 5 0 0 n mgJK^SB!*«r & 
T > X7fy^ilf(:S^^«^GaNg H 0 ^ 

ft ntz (mi 4(c)). 

[0 1 04] ZtlZHVPEjFlZXtl, GaNl4!:3 

oo^mJtmL^dai 4 (<n). gL^zm^tzmm&N 

U 3 kGaC ifcs MWWaC 1# 

JE. NH 3 »ffi^ 8X10- 3 atm, 8X 

1 0-2 atmT»*. jR*tt*E"WTt\ fifeg«j£lil 

N 2 *^^yrXf^kLTfflV^^ii:«**rRldc*S:iEai 
LTTffi^G a N mnSmtfWtoiLttlX L£ 
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